Background. The tumor microenvironment after treatment with ipilimumab is not well described. Furthermore, the safety of surgery for patients being treated with ipilimumab for metastatic melanoma has not been well reported. This study analyzed the safety of surgery and the immune phenotype of tumors resected while on ipilimumab. Methods. From our prospective melanoma database, we identified patients undergoing surgery for any indication within 30 days of receiving a dose of induction ipilimumab or while on maintenance ipilimumab therapy. Surgical toxicity was graded 1-5 by the Clavien classification. Tumor-infiltrating lymphocytes were classified by flow cytometry and compared with peripheral blood. Results. 23 patients were identified who underwent 34 operations a median of 27 weeks after initiation of ipilimumab (1-123 weeks). Subcutaneous resections were the most frequent, followed by intra-abdominal and nodal procedures. Grade 1 or 2 wound complications were seen in 22 % of patients. No Grade 3-5 complications were seen. Analysis of the T cell infiltrate and matched peripheral blood from ten patients showed an elevated % of CD4
ABSTRACT
Background. The tumor microenvironment after treatment with ipilimumab is not well described. Furthermore, the safety of surgery for patients being treated with ipilimumab for metastatic melanoma has not been well reported. This study analyzed the safety of surgery and the immune phenotype of tumors resected while on ipilimumab. Methods. From our prospective melanoma database, we identified patients undergoing surgery for any indication within 30 days of receiving a dose of induction ipilimumab or while on maintenance ipilimumab therapy. Surgical toxicity was graded 1-5 by the Clavien classification. Tumor-infiltrating lymphocytes were classified by flow cytometry and compared with peripheral blood. Results. 23 patients were identified who underwent 34 operations a median of 27 weeks after initiation of ipilimumab (1-123 weeks) . Subcutaneous resections were the most frequent, followed by intra-abdominal and nodal procedures. Grade 1 or 2 wound complications were seen in 22 % of patients. No Grade 3-5 complications were seen. Analysis of the T cell infiltrate and matched peripheral blood from ten patients showed an elevated % of CD4 ?
FOXP3
? T-regulatory cells and a 2.8-fold lower ratio of CD8 
CD8
? T cells had a higher expression of PD-1 in the tumor, compared with peripheral blood. Conclusions. Surgery for patients on ipilimumab is safe. This study highlights the immunosuppressive phenotype in tumors not responding to immunotherapy. The high percentage of T-regulatory cells and low T-effector cells in progressive tumors suggests a possible mechanism of immune escape.
The landscape in the treatment of metastatic melanoma is being redefined with the approval of immunotherapies and targeted therapies that improve survival outcomes. Ipilimumab is a fully human IgG1 monoclonal antibody that blocks the critical immunologic checkpoint molecule cytotoxic T lymphocyte antigen 4 (CTLA-4). Ipilimumab has demonstrated improved survival in two phase 3, randomized, controlled trials in patients with metastatic melanoma.
1,2 A subset of 20-30 % of patients achieves disease control (complete or partial response or stable disease) with ipilimumab. 1, 2 Many of the responses are sustained. 3 Programmed death 1 (PD-1) is another checkpoint molecule that inhibits the immune response. Specific therapies aimed at this molecule and its ligand (PD-L1) have shown promising results in phase 1 trials. 4 Preclinical models have suggested that combining CTLA-4 and PD-1 blockade has synergistic antitumor responses. 5 As the field moves forward, aiming to improve response rates and integrate immunotherapy with other combinations of targeted therapies, it is important to understand the characteristics of tumors that do not respond to treatment. Human data suggest a response to ipilimumab correlates with tumor necrosis and an increased CD8
? (T effector cell)/FoxP3
? (regulatory T cell) ratio. 6 Preclinical models also have suggested that a response to CTLA-4 blockade is related to the intratumoral balance of effector T cells (T eff) and regulatory T cells (T reg). 7 T regs function to inhibit the immune system, and increased numbers of T regs have been found in patients with melanoma, suggesting an important role in preventing antitumor responses. 8 This paper describes the safety profile of patients undergoing surgery whilst receiving ipilimumab for melanoma at a single center. In addition, the resected specimens were phenotyped to gain an insight into the immunologic infiltrate of tumors not otherwise responding to ipilimumab.
METHODS
We used a prospectively maintained institutional melanoma database to identify patients receiving ipilimumab who subsequently had surgery at our institution between October 2007 and August 2011. Consent was given for collection and use of patient data and tissue, and the project was approved by the institutional review board.
Patient Cohort
The patients in the cohort received ipilimumab (1) as part of a clinical trial, before FDA approval, or (2) as routine treatment after FDA approval. Some patients were on maintenance therapy after successful induction as part of the initial experience with ipilimumab. Only patients who had surgery within 30 days of receiving a dose of ipilimumab during the induction phase or any patient who had surgery while on maintenance ipilimumab were included in the analysis. Surgery was defined as any procedure performed in the operating room requiring general anesthesia or involving the complete excision of a metastatic lesion. Patients having diagnostic biopsies were excluded. All pathology samples were reviewed by a dermatopathologist.
Chart review was performed to identify details of surgery. The indication for surgery was separated into patients with isolated disease (a solitary residual focus of disease or a new focus after a complete response at all other sites), progressive disease (a solitary site of progressive disease in the setting of stable or responding disease elsewhere), and symptomatic disease (surgery was required irrespective of disease status). Surgical toxicity was graded 1-5 by the Clavien classification. 9 
Correlative Immunology
Ten of the patients included in the series had matched blood and tumor-infiltrating lymphocytes (TILs) harvested at the time of surgery and available in our tumor bank.
Peripheral blood mononuclear cells were isolated from the whole blood, and TILs were extracted as previously described. 10 The phenotype of T cell subsets in the TIL population was analyzed using flow cytometry on a FACSCalibur. Specific antibodies and fluorochromes are detailed in supplementary material. Staining for PD-L1 expression on tumors was not performed.
Statistical Analysis
Calculations were performed by expressing each T cell subset as a percentage of the total T cell population (CD3 ? ). Statistical analysis was performed using GraphPad Prism v5. Statistical significance was calculated with unpaired t test.
RESULTS
Of the 428 patients who were started on ipilimumab at the author's institution between October 2007 and August 2011, 46 had tissue samples collected (10.6 %) of which 23 patients were excluded. Patients were excluded either because they were part of an ongoing clinical trial (n = 2) or because the tissue was collected as part of a diagnostic test (i.e., not a surgical resection, n = 12) or more than 30 days after an induction dose of ipilimumab (n = 9). The remaining 23 patients (5.4 %) make up the study population. This cohort of patients was heavily pretreated: 83 % had prior chemotherapy, 57 % had prior radiotherapy, and 52 % had prior surgery for metastatic disease ( Table 1) .
The median age at the time of starting ipilimumab was 55 (range 38-71; Table 1 ). 21 (91 %) patients had stage IV disease, and two patients had unresectable, recurrent stage IIIB and stage IIIC disease. 24 weeks after starting ipilimumab, disease control was seen in 16 patients (76 %), the majority of whom had disease stabilization (Table 2 ). Grades 1, 2, and 3 ipilimumab-related toxicities were seen in 52, 39, and 4 % of patients respectively. The most common side effects were pruritus (56 %) and colitis (13 %).
The 23 patients underwent 34 surgical procedures a median of 27 weeks after initiation of ipilimumab (1-123 weeks). Surgery was performed a median of 25 days after the last dose (range 3-74 days); five patients had surgery within 1 week of their last dose of ipilimumab. The indication for surgery was symptomatic disease in 50 %, a progressive focus of disease in 41 %, and an isolated focus of residual disease in only 9 % of cases (Table 3) . Surgical procedures included: subcutaneous metastasectomy (39 %), laparotomy (35 %) with half of these requiring bowel resections, and lymph node resection (9 %). Five patients (15 %) required craniotomy for symptomatic brain metastases.
Surgical complications were minimal. Grade 1 wound complications were seen in 17 % of patients. Only one patient had a Grade 2 wound complication. No Grade 3-5 complications were seen.
After a median follow-up from starting ipilimumab of 86 weeks, three patients had no evidence of disease (13 %), ten are alive with disease (43 %), and ten have died of disease (43 %; Fig. 1 ). The median survival from the time of first surgery for the group of patients with isolated progressive disease was 9.5 months compared with 5.3 months for patients having surgery for symptomatic disease (p = 0.2).
Correlative Immunological Data
Ten patients with matched tumor samples and peripheral blood were studied. These patients' characteristics were representative of the larger cohort (Table 1) . They also had similar responses to ipilimumab; 50 % experienced stable disease at 12 weeks and 80 % had stable disease at 24 weeks ( Table 2 ). The indications for surgery in these patients were a progressive focus of disease in 60 % of patients and symptomatic disease in the remaining 40 %. Four of these resections were intra-abdominal, three subcutaneous, two nodal, and one was a spinal metastasis.
Tumor-infiltrating lymphocytes (TILs) and peripheral blood mononuclear cells (PBMCs) were analyzed for subpopulations of effector T cells ( between the TILs and PBMCs (Fig. 2a) Fig. 2c) .
Analysis of resected tumors also revealed a higher frequency of PD-1 expressing TILs compared to peripheral blood. The mean CD4
? PD-1 ? fraction size was 16.8 % in PBMC and 40.6 % in TILs. In the CD8
? PD-1 ? fraction, the difference was more striking with a mean of 16.4 % in PBMC and 60.9 % in TILs. Greater than 50 % of TILs were CD8
? PD1 ? in 70 % of the tumors sampled (Fig. 2d) . The majority of the PD-1 ? T cells were negative for Foxp3 and CD25 (Fig. 2e, f) .
In these ten tumor samples, analysis of TIL subsets revealed interesting differences according to tumor response. Patients experiencing a partial response to ipilimumab at 24 weeks had a 2.3-fold higher CD8:CD4 fraction in the resected (progressing) tumor compared with those with stable disease (p = 0.1). No difference was seen in FoxP3 expression (p = 0.59) or PD-1 expression (p = 0.63) between the resected tumors of patients responding and progressing on ipilimumab.
DISCUSSION
In this highly selected group of patients, surgery after administration of ipilimumab was not associated with an increase in adverse events. This was the case even in the five patients operated on within 1 week of receiving a dose of ipilimumab, including a bowel resection. Prior studies have demonstrated the safety of neoadjuvant ipilimumab 11 ; however, in that study, surgery was scheduled 4 weeks after the last dose of antibody. While neoadjuvant studies are currently underway in melanoma and prostate cancer (www.clinicaltrials.gov), some do require a 4-week interval between the administration of ipilimumab and surgery. The data from this small patient cohort suggest that there is no reason to delay surgery from a complication standpoint. Metastasectomy for stage IV disease in carefully selected patients has been associated with durable clinical response with median survival after complete metastasectomy of approximately 16-39 months. [12] [13] [14] Best results are seen in patients with oligometastatic disease. 15, 16 Previously, elective surgery for asymptomatic melanoma metastasis has been limited to patients in whom all sites of metastatic disease can be resected. 17, 18 In patients undergoing immunotherapy, durable responses can be seen with disease stabilization and not necessarily regression hence the implementation of immune-related response criteria. 19 This study demonstrates a median survival of 9.5 months from surgery in patients with resection of foci of progressive disease in the setting of other sites of stable disease. Two patients are still being followed beyond 34 months, one of whom has had an eventual complete response and is currently without evidence of disease. In carefully selected patients, an isolated progressive lesion in the setting of otherwise stable disease should be considered for metastasectomy, because the phenotype of this particular progressing tumor may not allow for a response to immunotherapy.
In the current study, we observed high expression of PD-1 on TILs harvested from tumors that were not otherwise responding to ipilimumab. We did not observe a difference in PD-1 expression in the tumors of patients based on response; however, the resected specimen was progressing or stable in all cases and that was the indication for surgery. Therefore, this resected tumor does not necessarily reflect the immune milieu in the other sites of disease. Furthermore, the number of patients with immune correlative data is small. The high expression of PD-1 on TILs is however an important observation as PD-1 has evolved as a marker for impaired TILs and therapeutic blocking PD-1 antibodies are in clinical use. Tumor infiltrating lymphocytes with high PD-1 expression harvested from renal cell carcinomas have impaired T cell effector function and are associated with an increased risk of cancer-specific mortality. 20 In a study of stage IV melanoma, 21 the majority of NY-ESO-1-specific PBMC CD8
? T cells express PD-1, and blockade of PD-1/PD-L1 increased the number of proliferating and cytokine-producing activated NY-ESO-1-specific CD8
? T cells. Furthermore, anti-PD-1 and anti-PD-L1 antibodies have been shown to have significant clinical efficacy in patients with melanoma, 4, 22 and current studies are investigating the role of combination therapy with ipilimumab and anti-PD-1 (www.clinicaltrials.gov).
This study is limited by its small sample size. We have attempted to keep the patient group as homogeneous as possible by only including patients undergoing surgery within a certain time window following ipilimumab therapy (approximately 2 half lives of drug). Furthermore, the immunological correlative data would be strengthened by analyzing the immune phenotype of tumors that have responded to therapy; however, these tumors are not resected outside of a clinical trial and therefore we did not have access to this data.
It is not known whether the high PD-1 and Foxp3 expression within the tumors of patients undergoing resection represents a change from pretreatment levels or a sustained immunosuppressive phenotype. Future studies analyzing tumors from responding and nonresponding lesions in a prospective fashion will provide insight into the changes after therapy. This study supports the fact that the TIL CD8:CD4 ratio is critical for tumor control. Furthermore, these data support the combination of treatments with anti-CTLA-4 and anti-PD-1 antibodies that are currently underway in clinical trials.
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